This paper presents how voice stress is manifested in the acoustic and phonetic structure of the speech signal.
Introduction
In many military and civilian applications it is necessary to assess whether or not a speaker is under stress and becoming increasingly important in the eld of multilingual communication and security systems. Emergency call centers and police departments all over the world are bombarded with dierent kinds of calls, only some of which are of great importance. It would be then of particular interest to detect speech marked by stress in order to improve decisions' eectiveness, and save lives [1, 2] .
Several investigations separate research on stress and emotion recognition [3] showed direct application of emotion recognition to stress recognition [4, 5] .
Thus dierences in acoustical features between neutral and stressed speech brought by a variety of emotions and the Lombard eect have been studied intensively [6, 7] .
A number of studies have focused on the eects of emotions on stress because of a close relation between emotions and stress recognition, e.g. usage of similar acoustic features (F 0 , intensity, speech units duration) and arousal dimension [2, 8] . Their results agree that the speech correlates are dependent on physiological constraints and correspond to broad classes of basic emotions, but disagree on the dierences between the acoustic correlates of particular classes of emotions [810] . Certain emotional states, which can be controlled by the speaker to some extent, are often correlated with physiological states, which in turn have quite mechanical and thus predictable effects on speech, especially on its prosodic structure. For instance, when a person is in a state of anger, fear or joy, the sympathetic nervous system is aroused and the * corresponding author; e-mail: grazyna.demenko@speechlabs.pl speech becomes loud, fast and enunciated with strong high-frequency energy. When one is bored or sad, the parasympathetic nervous system is aroused, which results in a slow, low-pitched speech with little high-frequency energy. Apart from these individual dierences, some studies show an increase in intensity and fundamental frequency, a stronger concentration of energy above 500 Hz and an increase in speech rate in cases of stressed speech.
While progress has been made in the area of stress denition and assessment there is still a number of important research areas that require further investigation.
1. There is clearly a range of emotions which all dynamically contribute to caller's stress.
Could emotions be detectable under psychological stress?
2. How to evaluate eects of emotions on stress detection based on separate models trained using speech both from the stressful and neutral environments?
Our study focuses on the analysis of stress produced in response to the occurrences in the people's surroundings, perceived by them as unusual and impossible to be controlled. The structure of the remaining parts of the paper is as follows: Sect. 2 is a brief introduction to the speech database and training data, in Sect. 3 the emotion assessment is presented, Sect. 4 describes stress detection and data summarization, while in Sect. 5 a short discussion is given.
Speech corpus annotation
The whole set of recordings was automatically grouped into sessions according to the phone number from which the call was made. Using Transcriber, a group of students performed a six-level preliminary annotation on a and her state can be described as a state of depression.
Little variation in F 0 contour and low signal amplitude is evident. 
Emotion classication
The material was divided into four groups: neutral (N),
depression (D), fear (F), anger (A). Speakers from these
groups were further divided into two groups: males and females, children being excluded. The acoustical preparation of recordings consisted in the manual removal of the duty ocer's voice from the recordings. For the acoustical analysis 9 features have been used: average (F 0 ), lowest fundamental frequency, standard deviation of F 0 , phonatory F 0 -range, noise to harmonic ratio soft phonation index, F 0 -tremor frequency/, number/degree of subharmonic segments [12] .
The LDA analysis of 9 parameters enabled a classication with the average 81% accuracy depending on the emotion category. The results showed that extreme stress can be clearly identied by using only the amplitude information with mean and minimum F 0 values. (Fig. 7b) . In the case of stress related to fear an upward shift in F 0 register can be observed. Figure 8b illustrates the range of F 0 variability for utterances classied as the anger category from 10 speakers.
Stress detection
There is a systematic increase in the range of F 0 variability for the stress related to anger or irritation.
Conclusion
In the study the MDVP software for features extraction was used, which, in spite of a relatively complex analysis, does not allow precise evaluation of the signal's structure at the prosodic level, e.g. the evaluation of intonational contours and speech tempo. The results of the study conrm the signicance of the F 0 parameter for investigating stress and agree with the ndings by Protopapas and Lieberman [13] which point to F 0 max , as being a particularly important factor aecting the emotional stress perception. However, in the current study it was concluded that the range of F 0 per se does not seem to correlate with stress whereas the shift in F 0 register constitutes the primary indicator of stress, especially when caused by fear. A systematic increase in the range of F 0 variability for the stress related to anger or irritation was observed.
